 The NPMM appears to be confined to the northern hemisphere, while the SPMM extends more onto the equator (Fig. 1a VS 1b) .
Mechanisms of SPMM
 The SPMM has nearly identical physics to the NPMM.  The composite warm event in the southeast (SE) Pacific (left in Fig. 2 ) is initiated by the weakening of trade winds (Fig. 2c, t=-12 ).  The surface warming propagates northwestward (Fig. 2a & Fig. 4a) via the wind-evaporation-SST (WES) feedback (Fig. 2c ) onto the equator, leading to the ENSO-like pattern (Fig. 2a, t=6 ) in the AGCM-slab models.  A positive cloud feedback in the east Pacific also contributes to the growing of the event, but it is model-dependent, and explains the inter-model difference of the SPMM amplitude (Fig. 3 ).  The composite event decays primarily from the SST-induced latent heat flux anomaly (Fig. 2c, t=0 and 6 ).  The SPMM operates on seasonal-to-decadal time scales.
SPMM-NPMM interhemispheric asymmetry SPMM-NPMM interhemispheric asymmetry  The meridional mode exists in the South Pacific and explains the ENSO-like variability in the absence of active ocean dynamics.  The SPMM is a potential precursor for ENSO events.
 The SPMM has a stronger impact on tropical Pacific than the NPMM, owing to asymmetric mean trade winds in tropical Pacific.  Including observations from the data-poor South Pacific could improve the ENSO predictability. All fields are normalized by the standard deviation of the SEP index before
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Role of active ocean dynamics
 The SPMM is also active in fully coupled models ( Fig. 1d and Fig. 4b ) and observations ( Fig. 1f and Fig. 4c-d ).  The Bjerknes feedback amplifies the equatorial signal that resembles ENSO (Fig. 1d & f, and Fig. 4b-d ).
 The SE Pacific warming leads the equatorial warming, suggesting that the SPMM can trigger ENSO events.  The SPMM has a larger equatorial signature than the NPMM. 
Experiment results
 The imposed Q anomaly changes mean trade winds, shifting ITCZ to the south of the equator (Fig. 6 ).  In both experiments, The SPMM-NPMM asymmetry is in agreement with the asymmetry of the mean trade winds. (Fig. 6 )  The propagation of the two PMMs cannot extend beyond the ITCZ where the mean meridional winds switch direction (V=0) (Fig. 7 ) 
